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Abstract

Background/Objectives To analyze the ophthalmic characteristics of congenital prepapillary vascular loop (PVL) and to
propose a new morphologic classification dividing the loops into six types.

Subjects/Methods Collaborative multinational multicentre retrospective study of PVL cases.

Results There was a total of 49 cases (61 eyes), 37 unilateral (75.5%) and 12 bilateral (24.5%), 32 arterial type (65.3%) and 18
venous type (36.7%) (one patient had either kind in each eye). The mean number of loops per eye was 2.7 (range, 1-7). The loops
were asymptomatic in 42 cases (85.7%). Other findings included: the presence of cilioretinal artery (14 cases), retinal vascular
tortuosity (26 cases), amaurosis fugax (1 case), branch retinal artery occlusion (1 case) and vitreous haemorrhage (3 cases). Six
morphologic loop types could be discerned based on elevation (flat vs. elevated), shape (figure of 8 or corkscrew with hyaline
sheath), number (multiple or single), location (central or peripheral), lumen size (arterial vs. arteriolar) and presence of vascular
tortuosity or vitreous traction.

Conclusions PVL are usually asymptomatic and can be divided into six morphologic types with different pathogenesis

during early embryogenesis.

Introduction

Congenital retinal vascular anomalies include anomalous
macular macrovessel, arterial-arterial or venous—venous
crossing, triple branching, congenital tortuosity and pre-
papillary vascular loop (PVL) [1, 2]. The terms pre-
papillary or preretinal [3], vascular or spiral [4, 5] loops
into the vitreous have been used interchangeably to
characterize this rare anomaly first described in 1871 by
Leibrich [6]. Initially, it was misdiagnosed as a variant of
hyaloid vessels [4, 5]. One and a half century after its
original description, fundus examination, fluorescein
angiography [7-33] and two histopathological examina-
tions [3, 14] further reaffirmed the clinical impression that
PVL originates from a branch of either retinal artery or
vein ending at the disk or its immediate vicinity and
projecting for a variable distance into the vitreous.
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Incidence of PVL has ranged from 1 in 2100 to 1 in 9000
in the western literature [17]. In Japan the prevalence was
0.115% [13] while in Africa it was 0.15% [7]. So far, PVL
have been divided into arterial (more than 90%) or venous
(less than 10%) [8]. The present study aims to analyze
several ophthalmic characteristics of PVL concluding in a
new morphologic classification.

Materials and methods

This is a retrospective international multicentre cross-sectional
review of patients with an established diagnosis of congenital
PVL. The study received Institutional Review Board from
Rafik Hariri University Hospital. Inclusion criteria were sub-
mission of colour fundus photographs to the Reading Center,
with or without fluorescein angiography, spectral-domain
optical coherence tomography (SD-OCT) or OCT angio-
graphy (OCTA). Exclusion criteria included optociliary ves-
sels, primary hyperplastic primary vitreous, arteriovenous
communications of retina and other phacomatoses, optic nerve
tumour, optic disc coloboma, morning glory syndrome,
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pseudotumor cerebri, cerebral tumours, peripapillary or extra-
papillary vascular loops, central retinal artery or vein occlusion,
diabetic retinopathy, carotid vascular disease, congenital heart
disorder, retinopathy of prematurity, congenital glaucoma,
optic disc cupping, haematologic disorder, intraocular surgery,
laser photocoagulation, ocular trauma or new onset of vascular
loops. Previously published cases of PVL were also excluded.
Fluorescein angiography was a prerequisite especially in
venous loops.

The English medical literature was reviewed from 1976 to
June 2019 by using PubMed and the terms “prepapillary vas-
cular loop” or “preretinal vascular loop”. Likewise, the same
terms were searched using the search engines in Archives of
Ophthalmology (1929-2019), American Journal of Ophthal-
mology (1918-2019) and British Journal of Ophthalmology
(1917-2019). Fundus photographs, fluorescein angiograms and
OCT were reviewed in these publications. Moreover, fundus
photographs were reviewed on American Society of Retina
Specialists (Retina Image Ban®) and American Academy of
Ophthalmology (Image Gallery®) websites. This extensive
review aimed solely at deciphering the various morphological
features of PVL, leading to a classification that is then applied
to this case series of previously unpublished PVL.

All loops from the collaborative group were classified
accordingly by one of us (AMM) based on the colour photo-
graphs (type of loop) and fluorescein transits (arterial vs.
venous). Retinal vascular tortuosity was subjectively assessed
by one of us (AMM) as sinusoidal vessel twist [34]. While the
classification was done by one grader, collaborators have
independently agreed with the classification and presence of
tortuosity (consensus reached). Complications of PVL were
noted by the collaborators and documented by fundus photo-
graphs and/or fluorescein angiograms.

Results

Forty-nine patients from 23 medical centres in 12 countries
from 4 continents fulfilled the inclusion criteria. All had
colour fundus photographs submitted to the Reading Center
except one surgical case with vitreous haemorrhage. Twelve
patients had SD-OCT scans, while 4 patients had OCTA
scans. The mean+ standard deviation age at first presentation
was 37.0+17.6 years (range, 6-79). There was a slight
female predominance with 24 women vs. 19 men (6 not
specified). The majority were Caucasians: Caucasian 32
cases, African American 4 cases, Latin American 2 cases,
Asian 1 case and Indian 1 case (race not specified in 9 cases).
The ocular involvement was bilateral in 12, and unilateral in
37 equally divided into 18 right eyes and 19 left eyes. The
majority of the loops was arterial in 32 subjects (65.3%) (38
eyes) and the rest venous in 18 subjects (36.7%) (23 eyes).
One case had an arterial loop in the right eye and a venous
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loop in the left eye. The mean number of loops was 2.7 £ 1.5
(range, 1-7): 16 eyes showed 1 loop,12 eyes two loops, 12
eyes had three loops, 17 eyes had four loops, 2 eyes showed
five loops and 2 eyes had seven loops.

Retinal vascular tortuosity was present in 26 patients and
absent in 22 patients (1 not assessed as intraoperative finding).
Cilioretinal artery was present in 14 subjects (16 eyes). Vitr-
eous traction was demonstrated by SD-OCT in one case in both
eyes with fellow eye having semi-loop at the disc. Fellow eye
status included semi-loop in three eyes, abnormal vascular
branching pattern in three eyes (trifurcation in one). and vein
crossing over artery in four eyes. The loops were asymptomatic
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Fig. 1 Schema of spectrum from tortuosity to grades of loop for-
mation (Top). Loop morphology divided into six types (Bottom):
Type 1—Flat central single intraretinal loop or twist without asso-
ciated findings; Type 2—Flat central intraretinal loop with generalized
retinal vascular tortuosity; Type 3—Flat radial small loops (arteriolar
or venular); Type 4—Loop protrude into vitreous as figure of 8; Type
5—Vitreous corkscrew loop; Type 6—Any loop with associated
vitreous traction.

Table 1 Proposed classification for

vascular loops.

congenital prepapillary

Type 1—Flat central single intraretinal loop or twist (artery or vein) without
associated findings

Type 2—Flat central intraretinal loop or twist (artery or vein) associated with
generalized tortuosity of retinal vasculature- no complications from the loop

Type 3—Flat radial small loops (arteriolar or venular) (Asian predominance)
[9] (Hsieh) resemble angioma or Chinese letter

Type 4—Vitreous loop as figure of 8 (artery or vein)
Type 5—Vitreous loop corkscrew shape with fibrotic sheath (artery or vein)
Type 6—Any loop with vitreo-papillary traction demonstrated by OCT
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in 42 cases and symptomatic in the remaining 7 cases which
included: Branch retinal artery occlusion and mild vitreous
haemorrhage with finger counting—1 case; branch retinal vein

Fig. 2 Type 1 and 2 loops. Top
composite. Right eye semi-loop
(arrowhead) (a) and left eye flat
arterial loop type 1 (arrow) (b).
Middle composite. Bilateral

(c, d) venous type 2 loops and
normal anatomy of retina and
disc by optical coherence
tomography angiography.
Bottom composite. Retinal
venous tortuosity with type 2
venous loop in right eye (e).

occlusion with 20/40 (6/12)—1 case; dense vitreous haemor-
rhage and hand motion vision with PVL detected intraopera-
tively—1 case; transient mild vitreous haemorrhage with 20/20
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(6/6)—2 cases; severe macular pucker—1 case; and amaurosis
fugax—1 case. There was no macular or nerve fibre layer
pathology by SD-OCT or OCTA in the cases scanned.

Review of the current series and previously reported
cases [3-33] (around hundred cases in the literature and on
the registries of American Academy of Ophthalmology or
American Society of Retina Specialists) allowed us to
propose a new morphologic classification dividing the loops
into six types (Fig. 1 and Table 1): Type 1—Flat central
single intraretinal loop or twist (artery or vein) without
associated findings—8 patients (Fig. 2); Type 2—Flat
central intraretinal loop or twist (artery or vein) associated
with generalized tortuosity of retinal vasculature—9
patients (Fig. 2); Type 3—Flat radial small loops (arteriolar
or venular) most often multiple resemble angioma or Chi-
nese letter—10 patients (Fig. 3); Type 4—vitreous loop
without sheath in the form of figure of 8 single or multiple
protruding into the vitreous cavity shape (artery or vein)—
11 patients (Fig. 4). The loop track is along the Cloquet
canal; Type 5—vitreous loop with fibrous overgrowth or
hyaline sheath and most often Corkscrew shape (artery or
vein) (Fig. 5)—10 patients. The fibroglial sheath appears to
be a remnant of Bergmeister papilla. One variant of type 5 is
when the vessels protruding into the vitreous are straight
and ensheathed by glial tissue (Fig. 5). Associated retinal
tortuosity may be present (Fig. 5); Type 6—any loop with
vitreous traction demonstrated by SD-OCT—I1 patient
(Fig. 3).

Discussion

This report collected the largest variety of PVL in the lit-
erature. Besides the well-known division into arterial and
venous, a new classification is proposed based on different
morphologic appearances (Table 1). While distinct char-
acteristic features define each type an overlap between the
different types might exist and some cases could fit into
more than one type. Type 1 refers to an isolated flat loop.
Type 2 refers to a flat loop as part of a diffuse retinal
vascular tortuosity. The retinal vascular tortuosity could be
associated with the familial retinal tortuosity syndrome [35].
Type 3 refers to multiple flat small loops assuming a radial
location and involving smaller arterioles. This is the pre-
valent loop in East Asia and Australia, as confirmed in our
series and documented in the literature [9]. Types 3 to 6
involve elevated loops into the vitreous with vitreous trac-
tion (type 6) or loops advancing into the Cloquet canal
mimicking a figure of eight (type 4) or corkscrew with
dense hyaline sheath (type 5). Types 4 and 5 share quite
similar clinical features resulting from blood stream turbu-
lence and vascular torsion, such as localized retinal hae-
morrhage,  preretinal  haemorrhage and  vitreous
haemorrhage.

There are several known theories for the loop forma-
tion: retinal vascular tortuosity spectrum (probably from
elastin deficiency [36] or variant of arterial tortuosity
syndrome) [37], deficient internal elastic lamina [3, 14],

Fig. 3 Type 3 loops. Left composite. Bilateral multiple sector of small
corkscrew Type 3 venous loop (arrows) (a) (with permission from
Image Bank® 2019 American Society of Retina Specialist) Right
composite. Venous loop type 6 (arrows) in the right eye (b) with 20/20
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vision and normal intravenous fluorescein angiography transit (c).
Optical coherence tomography through the loop of the right eye
demonstrates vitreous traction (white arrow) (d). The left eye shows
vitreo-papillary traction (white arrow) without presence of a loop (e).
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Fig. 4 Type 4 loops. Top
composite. Type 4 arterial loop
right eye (a) and Type 4 venous
loop left eye (b). OCT (c) and
OCTA (vitreous scan) (d)
demonstrate the left venous loop
protruding into Cloquet canal.
Bottom composite. Type 4
arterial loops as figure of eight
configuration with 4 loops (left
bottom) (e) and 7 loops. (right
bottom) (f: right eye; g: left eye).

genetic predisposition (autosomal dominant inheritance)
[18, 19], vitreous traction on disc leading to loop forma-
tion early in life during embryogenesis and pure embry-
ologic focal vascular defect. PVL are thought to be
originated from the 100-mm stage of embryonic devel-
opment when retinal angioblasts arise from the optic
nerve head to vascularize the surrounding retina [38—40].
Before the fourth month of gestation, the retina is avas-
cular with nutrients supplied by the hyaloid vasculature.
At the fourth month (100-mm embryonic stage), the pri-
mitive vascular mesenchymal cells adjacent to the
hyaloid artery start invading the retinal nerve fibre layer
forming the primitive retinal arterial system with con-
comitant gradual regression of the hyaloid artery. In
rare instances, instead of penetrating the nerve fibre layer,
the developing vessel grows towards the vitreous within
the Cloquet canal for a few millimetres and then turns
back to the disc to form PVL. When the configuration is
spiral, there is incomplete regression of the hyaloid artery
system and a sheath covers the loop. It is possible that

types 1-3 loops form earlier in embryogenesis than types
4 and 5.

A majority (>90%) of PVL are of arterial origin [8]. The
loop can be near flat or can be elongated [4] extending up to
5 mm from the disc [15]. The longest PVL measured 7.88
mm [15]. The number of loops can vary from 1 to 7.
Regenbogen and Godel [16] described an asymptomatic
PVL with 6 spirals followed for 12 years. PVL can have
3 shapes: corkscrew (Fig. 5), figure of eight (Fig. 4) or the
extremely rare hairpin turn (Fig. 5).

Up to 20% of arterial PVL are bilateral [8]. Blacks
appear to have a higher incidence of PVL with less com-
plications than Caucasians [7]. Asians appear to have pre-
dominantly type 3 PVL [9-13]. PVL can be familial
(autosomal dominant inheritance) with two families repor-
ted [18-20]. Associated congenital anomalies have included
retinal arterial-arterial communication [10, 11, 13, 21],
retinal artery tortuosity [7, 22], trifurcation [12], venous
retinal macrovessel [23], choroid vein tortuosity [24] and
primary hypertrophic primary vitreous [25].

SPRINGER NATURE
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Fig. 5 Type 5 loops. Left top composite. Left eye with Type 5 pre-
papillary arterial loop (arrow) (a, b) with cilioretinal artery and retinal
vascular tortuosity. Left middle composite. Type 5 loop corkscrew
arterial loop (white arrow) (c¢) with the direction of flow shown on
fluorescein angiography by black arrows (d) (with permission from
Image Gallery® 2019 American Academy of Ophthalmology and
Image Bank® 2019 American Society of Retina Specialist). The loop is
surrounded by a fibroglial sheath that is probably a remnant of
Bergmeister’s papilla. Optic disc pallor and sheathing of cilioretinal
artery are results of prior toxaemia of pregnancy 15 years earlier. Left

Complications have included vitreous haemorrhage
(most self-resolving [27] but some requiring vitrectomy),
retinal arterial occlusion [26, 28, 29, 31], preretinal hae-
morrhage [30] and subretinal haemorrhage [32]. Branch
retinal artery occlusion occurs uniquely in arterial PVL and
not venous PVL [26, 28, 29, 31]. Spontaneous vitreous
haemorrhage after a strenuous activity have been reported
due to PVL and is usually mild with spontaneous resolution.
Rarely, the accompanying vitreous haemorrhage may be
recurrent or severe thereby requiring vitrectomy. In one case
anomalous vitreo-PVL adhesion with vitreous traction was
noted by SD-OCT and this led to recurrent vitreous hae-
morrhage [33]. Vitreous traction on the loop has been also
demonstrated by SD-OCT [41]. It is of note that kinking or

SPRINGER NATURE

bottom composite. Straight variant of type 5 loop (3 arrows) (e) fol-
lows the Cloquet canal into the vitreous and is surrounded by a glial
sheath (with permission from Image Gallery® 2019 American Acad-
emy of Ophthalmology). Right top composite. Type 5 bilateral arterial
loops. OCT shows different level of looping and fibroglial sheath.
Severe tortuosity of the retinal vasculature with inferior peripapillary
twisting of the artery over the vein in the right eye (arrowhead) (f) and
arterial looping just above the disc in the left eye (arrowhead) (g).
Right bottom composite. The right eye has Type 5 arterial loop (arrow)
(h). The left optic disc has a semi-loop (arrowhead) (i).

twisting of cerebrovascular vessels have also been asso-
ciated with occlusion of blood flow [36, 42].

The differential diagnosis of congenital PVL [29, 43]
includes optociliary collateral veins in the context of retinal
vein occlusion, retinal arteriovenous anastomoses [44], cilio-
optic vein [45] and acquired loop following central retinal
artery occlusion [46]. Young age, normal visual acuity,
negative fluorescein angiography and absence of various
systemic diseases help in the diagnosis of congenital PVL.

In conclusion, PVL is a localized ocular finding with no
known systemic vascular association. Complications are
uncommon. The loop tortuosity-induced flow alterations
impose a high degree of stress on the endothelial cells of the
loop resulting in thrombosis or rupture. PVL can be divided
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into six morphologic types based on location (second
branch artery or third branch arteriole), loop elevation, loop
shape, loop covering and vitreo-retinal traction.

Summary

What is known about topic

Prepapillary vascular loops were divided into arterial
and venous loops.

What this study adds

Prepapillary vascular loop are classified into isolated flat
loop with or without retinal vascular tortuosity, multiple
radial flat loops, figure of eight loop, corkscrew loop and
tractional loop.
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